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Abstract 
A novel measuring system for temperatures up to 1300°C and pressures up to 3 MPa is presented here that allows for 
the first time gravimetrically measured high temperature sorption equilibrium data which are independent of the 
measuring system. For the sorption kinetics it is essential that the measuring conditions are close to the later 
application, particularly for high temperature sorption measurements this claim could not be fulfilled for most 
technical applications in the past. The advantage of the measuring method presented here is that solid bed samples in 
high temperature gravimetry can be measured under flow-through conditions in both directions. The first application 
of this apparatus is within the German Research Association (DFG) funded collaboration project “Oxyflame” of the 
Universities of Aachen, Bochum and Darmstadt. Here exzesssorptive adsorption kinetics, equilibrium loadings and 
heats of adsorption for several gas-carbon-systems will be determined with the presented measuring device. First 
measurements presented here proof the functioning principle of the new system, additional data of the ongoing 
experiments are presented on ICAE2014. 
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1. Introduction 
There is a variety of energy conversion processes with solid fuels. Coal burning is state of the art since 
several decades, biomass gasification is industrially used since years and for a better carbon dioxide 
separation the oxyfuel process is currently under investigation. All of these processes have in common, 
that several reactions take place on the solid surface in the adsorbed gas phases. This is true for all 
reactions that take place between the feed, pyrolysis or reaction gas and the solid fuel itself as well as for 
catalytically improved gas phase reactions of the pyrolysis gases re-attached to the surface. Here the high 
temperature adsorption data of the involved gases to the solid fuels are essential for a deeper 
 
* Corresponding author. Tel.: +49 234 3226392; fax: +49 234 3214119. 
E-mail address: t.fieback@thermo.rub.de. 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the Organizing Committee of ICAE2014
1502   Tobias M. Fieback and Roland Span /  Energy Procedia  61 ( 2014 )  1501 – 1504 
understanding of those processes. But up to now neither a commercially available high temperature 
sorption analyzer nor a systematic experimental study of those data is available. 
2. State of the art 
In Literature a variety of publications for sorption processes and measurements in the area of moderate 
or slightly elevated temperatures up to 200°C can be found. Also the data for low temperature sorption 
measurements, down to liquid nitrogen temperature, for surface characterization are very good. But in the 
temperature region between 200°C and 600°C only very few data for special sorption systems exists, and 
in addition the accuracy of those data decreases with increasing temperature. For sorption measurements 
above 600°C the data are very rare. Here some data for generating nitrogen out of air with perovskit 
materials exist [1-8]. Moreover single data for temperatures above 850°C for generating CO2/O2 streams 
out of air with special materials exist [9-11]. 
Those rare sorption data under these challenging temperature conditions were mainly measured with 
the dynamic-analytic carrier gas method. Here a sorptive gas is blended in a carrier gas and the gas 
mixture flows through a solid bed reactor with the sorbent material, by measuring the thermal 
conductivity of the gas mixture before and behind the reactor a break through curve can be determined. 
The integration of the break through curve over the time gives the equilibrium loading. This simple and 
rugged method can be used in a wide pressure and temperature area but is always afflicted with high 
uncertainties and a dependency of the measured data to the measuring system. The most accurate sorption 
measuring system is the gravimetry, which was only used by single authors [5, 6, 10, 12, 13], due to the 
fact that the complexity of these measurements is much higher and in particular up to now no commercial 
gravimetric sorption analyzer for temperatures above 350°C exists.  
3. New measuring system 
The new gravimetric high temperature sorption measuring system was developed by a modification of 
a thermogravimetric analyzer (TGA) based on a Rubotherm magnetic suspension balance (fig.1). 
 
 
Fig. 1. Flow chart of the used TGA (left) and the new developed high temperature sorption measuring system (right) 
This apparatus consists beside of the TGA of several peripheral devices, like the reaction gas dosing 
unit and a pressure controller which are used for the new system with no change. In addition a vapor 
dosing unit, a cooling trap and a purge gas dosing system were slight modifications were made to adapt 
the apparatus to its new application area. Moreover all single units, including the TGA, are actuated by 
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one controlling system, for which a completely new software has been developed to allow measurements 
of sorption cycles. 
The main developments have been made to transform the TGA into a sorption measuring device. As 
shown in figure 1 on the left side, the TGA consists of an outside micro balance with a magnetic coupling 
to transfer the weight force out of the measuring cell. Below the coupling a measuring load decoupling is 
located which connects the coupling with the sample crucible.  
For the new system inside the pipe reactor a ceramic tube (fig. 2, a, I) was developed which guides the 
reaction gas from the inlet to the sample container (IV) and has a support (III) were the container can be 
set-off for the forced flow through as well as a protection cover (V). During the weight determination the 
sample container is lifted up and while flowing it is set down to the support, therefore the measuring load 
decoupling has changed its position from the cold area, directly below the coupling, to the hot area 
directly at the sample container (fig. 2, b). To avoid high temperature seizing of the components a 
research and several experiments with different material combination were performed before chosing 
yttira-stabilized zirconia ceramics and hasteloy metall for the different parts. 
For the bottom-up forced flow through and fluidised bed several additional problems occurred, 
because the gas flow direction inside the apparatus cannot be changed. Therefore a special sample 
container (fig.2, c) was developed that changes the flow direction inside the sample container without 
changes to the surrundings. Therefore the measuring load decoupling was completely re-designed, a 
guiding cover concentrates the flow to an inner guiding sleeve and the flow reaches the sample at the 
bottom of the container, raising up throug the sample and leaving the container sidewards under the 
container support. 
With the presented modifications to the TGA and the completely new reaction gas guiding system as 
well as the two purpose- developed sample containers with special material choise, for the first time a 
high temperature sorption measuring device for system independent equilibrium data and kinetic data 
close to the technical reality is available. 
 
 
Fig. 2. (a) New support and measuring load decoupling; (b) New sample container for forces flow through solid beds top-down,  
(c) New sample container and stream guiding parts for forced flow through solid beds bottom-up and fluidized beds 
4. Proof Measurements 
For proofing the functioning principle of the new developed measuring device the first measurement 
was performed with H2 gas (99.999% purity, supplied by Linde) with a flow rate of 75 mln/min at 700°C 
on TiH2 in the top-down forced flow through sample container. Sample mass was 0.41679 g under 
0.103 MPa Argon atmosphere at 700.04 °C after activation under 0.103 MPa Argon with a flow rate of 
50 mln/min at 700.0 ±0.5 °C for 24 h. The results of this measurement (fig.3) show a very good type-I 
isotherm as expected from comparison measurements. Because there are no reliable data in this high 
temperature area to compare with, an extrapolation of lower temperature data was done which fits in the 
range of uncertainties to the high temperature measurements. 
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Fig. 3. Sorption equilibrium loading of H2 on TiH2 at 700°C 
5. Conclusion 
The new high temperature sorption analyzer is applicable for determining sorption effects on solid 
surfaces at temperatures up to 1300°C at pressures up to 3MPa. For the first time a “ready-to-use” 
sorption measuring device for high temperatures was developed that can determine measuring system 
independent equilibrium data. The kinetic data can be measured close to technical reality for several 
processes by a forced flow through system that can be used for flowing through the sample top-down or 
bottom-up. Herewith beside standard solid bed kinetics also fluidized beds can be measured. 
The first and probably main application of this system will be the determination of surface effects on 
solid fuels. Therefore the exzesssorptive adsorption kinetics, equilibrium loadings and heats of adsorption 
for several gas-carbon-systems will be determined within the just started German Research Association 
(DFG) funded collaboration project “Oxyflame” of the Universities of Aachen, Bochum and Darmstadt.  
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